1. Basal plasma and spinal fluid noradrenaline were increased in patients with primary hypertension and phaeochromocytoma compared with normotensive patients (P < 0.01).
Introduction
Neurogenic mechanisms have long been implicated in the pathogenesis of primary hyper-< 0.05).
tension [ll. Suppressed anger was an attribute characteristic of young male patients with borderline hypertension who had biochemical indices of enhanced sympathetic tone [2]. The present study was designed to determine the relationship of psychological and neurogenic features to the blood pressure elevation of patients with primary hypertension at rest and during stress. In the attempt to define further a cause or effect role, these features were compared in patients with proven neurogenic hypertension due to phaeochromocytoma.
Methods
We performed studies in six patients with phaeochromocytoma, aged 42 k 11 years, 15 patients with primary hypertension, aged 37 11 years (means k SEM) whose average blood pressure exceeded 140/90 mmHg on three occasions and 20 normotensive volunteers, aged 36 ? 8 years. None of the patients had cardiovascular or renal complications of their hypertension or had received antihypertensive medication within 3 weeks of the studies. Of those with phaeochromocytoma, three were receiving phenoxybenzamine. All patients signed an informed consent form which was approved by the Institutional Review Committee, after having been apprised of the nature of the study and its attendant potential risks. They were admitted to the Clinical Research Center of the Los Angeles County-USC Medical Center and were given a constant diet containing 100 mol of Na+ and 80 mmol of K+/day. Both patients and volunteers (studied in a similar manner but as outpatients) were fasted overnight.
Personality profiles were obtained through a self-administered written psychometric instrument testing depression and anxiety levels, The psychological instrument was validated by clinical interviews with a psychiatrist.
Blood pressure and pulse rate were measured and venous blood was taken from an indwelling needle on the morning of day 2 after sitting for 30 min, and again at the end of 3 min of isometric handgrip exercise (IHE). IHE consisted of a workload of 33% of maximum voluntary contractions for 3 min. On day 3, cerebrospinal fluid noradrenaline was measured in 19 patients with primary hypertension (37 f-3 years), 15 of whom had stress and psychological testing. Spinal fluid and plasma noradrenaline was measured in samples taken after 60 min supine and values were compared with those in a group of 11 normotensive patients with minor neurological disorders requiring lumbar puncture and who gave informed consent, three of whom had the IHE, mental stress and psychological evaluations. On day 4, the stress comprised 10 min of serial subtraction of numbers enforced by a metronome [71. Measurements and blood were taken during the last 2 min of the serial subtraction. Noradrenaline and adrenaline were measured by the radioenzymatic assay of Peuler & Johnson [81. Urinary sodium was measured by flame photometry. The questionnaires were scored by computer and the responses of the hypertensive patients compared with those of normotensive subjects using Student's t-test and chi-squared analysis.
Results
The arterial blood pressure of the patients with primary hypertension was 153 f-15/104 f 9 and 144 f 5 1/96 f 13 mmHg before IHE and mental stress respectively (means f SEM). The values for normotensive subjects were 109 f 12/73 f 11 and 104 f 12/70 f 10 mmHg. Isometric stress produced significant increments of systolic and diastolic blood pressure of 5-10% and of pulse rate of 8-15% and were of similar magnitude for both groups (P < 0.01). Mental stress produced similar responses in the normotensive subjects (P < 0.01). However, heart rate (P < 0.01) and plasma adrenaline ( P < 0.01) increased after mental stress in hypertensive patients without changes in blood pressure. The difference in systolic pressure response between the two groups after mental stress was significant ( P < 0.01).
Plasma noradrenaline levels before IHE and mental stress were 50% greater in the primary hypertensive patients than in the normotensive subjects (P < 0.05, P < 0.05). Pre-stress levels of adrenaline of the hypertensive patients were not significantly different from those of the normotensive subjects. Plasma noradrenaline increased approximately 33% in response to IHE in both groups (P < 0.01). There was a significant increase of adrenaline in the hypertensive patients (80%) (P < 0.05) but that in the normotensive subjects was not significant. There was a 50% increment in adrenaline, but no significant change of noradrenaline in the response to mental stress in both groups ( P < 0.05).
The prevalence of suppressed anger was increased in primary hypertension (P < 0.05), as were the scores for anxiety (P < OsOl), depression (P < 0.05) and guilt (P < 0.05) (Fig.   1 ). There were significant positive correlations of anxiety trait with systolic and diastolic blood pressures and with plasma noradrenaline (all P < 0.05). Primary hypertensive patients with anxiety scores above the 50th percentile had increased noradrenaline and systolic blood pressure responses to mental stress and IHE compared with primary hypertensive patients with lower anxiety scores (both P < 0.05). Furthermore, subjects with the combination of increased anxiety scores and suppressed anger had an enhanced increase of their systolic pressure after IHE (P < 0.05).
Cerebrospinal fluid noradrenaline was 86% greater in the primary hypertensive patients when compared with normotensive subjects (329-4 f 22.3 vs 177 f 22.6 ng/l; P < 0.001 (Fig. 1) .
Correlation analyses of the psychological features of all subjects with their basal measurements revealed a significant linking of anxiety trait with systolic ( r = 0.41, P < 0.05) and diastolic blood pressures (r = 0.37, P < 0.05) and with plasma noradrenaline (r = 0.38, P <
0.05).

Discussion
Plasma noradrenaline was increased supine (P < 0.01) and sitting (P < 0.01) in primary hypertension compared with values in normotensive subjects.
The pressor responses of the primary hyper- The present study confirms the inwardly angry, anxious and slightly depressed character of hypertensive patients. On the other hand, the patients with phaeochromocytoma with 'secondary' hypertension did not have these psychological features. The primary hypertensive patients exhibited normal responses of plasma noradrenaline and adrenaline to physical and mental stress despite increased resting central and peripheral sympathetic tone. In patients with abnormal psychodynamics, neural and pressor responses to stress were enhanced. Perhaps psychological evaluation such as autogenic training or methods which improve coping patterns can reduce central neurogenic tone and the blood pressure of some patients with primary hypertension.
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